Summary : Zinc iodide-osmium tetroxide staining was applied to the duodenum of a human fetus for the purpose of investigating the fine structure of basal-granulated cells. A positive reaction was demonstrated within a peculiar network consisting of fine tubulo-vesicular structures in the basal cytoplasm. The possibility was discussed that these structures represent a device by which the granule membrane returns to the Golgi complex after the exocytotic release of gut hormones.
During the past two decades, many papers have been published on the fine structure of the basal-granulated cells in the gastrointestinal mucosa (Fujita and Kobayashi, 1977) . Most of these papers are focused on the ultrastructure of the secretory granules which contain gut hormones together with biogenic monoamines, adenine nucleotides and nonhormonal proteinic substances. Basalgranulated cells were classified into more than ten types which produce different gut hormone(s) (Solcia, et al., 1981) .
It is accepted that all types of basalgranulated cells share a "putative basic secretory machinery" consisting of endoplasmic reticulum, Golgi complex and secretory granule (Fujita and Kobayashi, 1977 returns to the Uoigi area where new granule formation takes place (Kobayashi, 1979) . A zinc indide-osmium tetroxide (ZIO) staining technique has been employed to demonstrate synaptic vesicles in nerve terminals (Reinecke and Walther, 1978) . Since an analogy between synaptic vesicles in the nerve terminal and recaptured secretory granule membrane in the endo-, crine cell has been proposed (Kobayashi, 1979 (Kobayashi, , 1980 , it seems worthwhile to apply ZIO techniques for the investigation of the fine structure of the basal-granulated cells. This paper reports the occurrence of previously un-described ZIO-positive tubulo-vesicular structures in the narrow cytoplasm between the gut hormonecontaining secretory granules of the basal-granulated cells.
Materials and Methods
Pieces of the duodenal mucasa of a 6-month old human fetus (female) were immersion-fixed for 2 hrs at 4°C in a 2.5 % glutaraldehyde solution adjusted to pH 7.2 with a 0.1 M phosphate buffer. They were then incubated at 4°C for 16 hrs in a zinc iodide-osmium tetroxide mixture according to the method described by Reinecke and Walther (1978) , dehydrated in a graded series of acetone, treated in propylene oxide and embedded in Araldite. Sections were cut on a MT5000 ultramicrotome.
Ultrathin sections (silvergold in interference color) were stained with Luft's lead solution and examined in a Hitachi H700 electron microscope at an acceleration voltage of 75 kV ( Fig. 1-3 ). Thick sections (about 0.5 pm thick) were examined in the electron microscope without counter staining at an acceleration voltage of 200 kV (Fig. 4-6) .
Results
In the duodenal mucosa of the 6-month old human fetus examined, basal-granulated cells were located in both crypt and villus epithelia.
Many of them were singly distributed among absorptive and goblet cells. Group formation of two to three basal-granulated cells were occasionally encountered in the crypt epithelium. A unique cap consisting of an aggregation of basal-granulated cells both with and without a few goblet cells were seen on the top of the villus. This structure is called Segi's cap after its discoverer (Kobayashi, Iwanaga and Fujita, 1980) .
In the electron microscopy of the basal-granulated cells in the duodenal mucosa treated in a ZIO solution, a positive reaction was selectively demonstrated in the Golgi vesicles and lamellae, vesicles in multivesicular bodies, some of the secretory granules and lysosomes, the matrix of some mitochondria, and in the tubulo-vesicular structures in the basal cytoplasm ( Fig. 1-6 ). The ZIO-positive secretory granules were randomly scattered between the unstained granules.
On the average, ZIO-positive secretory granules were apparently smaller than the ZIOnegative granules. In large secretory granules, an electron lucent halo was seen between the ZIO-positive granule core and the limiting membrane (Fig. 3) . A positive reaction was also demonstrated in the pinocytotic invagination and in vesicles in the luminal process of the basal-granulated cell as shown in Fig. 4 . Among various ZIO-positive structures in the basal-granulated cells, the small membrane profiles in the basal cytoplasm seem to be worthy of special mention. They were clearly different from granular endoplasmic reticulum, variable in diameter between the range of 20 nm and 60 nm, and frequently arranged in a row forming a beaded network in the space between Structures in Gut Basal-Granulated Cells 101I
the secretory granules in the basalcytoplasm.
No connection was demonstrated between these tubulo-vesicular structures and ZIO-negative secretory granules.
It was uncertain whether ZIOpositive secretory granules possess a link with the tubulo-vesicular structures.
Discussion
ZIO staining has an affinity for synaptic vesicles, hence it has usually been used for the study of the fine structure of nerve terminals.
Many authors have claimed that this staining is specific to cholinergic vesicles (Akert and Sandri, 1968) , but others have proposed doubt on the specificity of this staining (Matus, 1970 ; Pellegrino de Iraldi and Gueudet, 1968). Thus its precise biological significance is still in question.
It is generally thought that, after exocytotic release of gut hormones from the basal-granulated cells, membrane substances are mostly recovered by the cytoplasm in the form of coated vesicles (Fujita and Kobayashi, 1977) . They are then used as the raw material for the limiting membrane of newlyformed secretory granules in the Golgi complex (Kobayashi, 1979) . However, the mechanism by which the recaptured secretory granule membrane returns to the Golgi complex is unknown.
The present study showed that the basalgranulated cells contain a ZIO-positive network of tubulo-vesicular structures. It is tempting to speculate that they transport recaptured granule membrane to the Golgi complex. However, further studies are needed to test this hypothesis.
Although the specificity of the ZIO staining is not known exactly, this method may provide useful information for the elucidation of the cellular mechanism of gut hormone secretion. Positive reaction is seen in the Golgi vesicles (v) and lamellae (/), some of the secretory granules (s), and the tubulo-vesicular structures (arrows) which are disseminated in the space between the secretory granules of the basal cytoplasm.
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